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specified equilibrium viscosity to give improved open times and tack free} time& 

However it is desirable to still 'further control the rheology of a coating' composition 

beyond the point where most of the water has evaporated. 

Many coatings compositions contain pigments. Pigments are often selected 
5 depending pn their dispersiblllty, gloss, hiding power (opacity) end exterior .durability when 

incorporated into a coating composition. In the art titanium dioxide fJiOa) is 'considered • 

as a commercially Important white pigment and TiO z (and inorganic pigments )n general) 

may be classified according to for example their particle size and particle size! distribution; 

density; titanium (or metal) content; surface ireatinent; oil absorption number and water 
10 absorption number. Thus far example heavily silica treated Tl0 2 pigments in general 

exhibit a low titanium content and high oil and water absorption numbers. 

We have found that some of the pigment properties,' in particular the dil and water 

absorption numbers can influence the rheology of a composition and therefajrfe the open 

time. 

15 Coating compositions also often contain thickeners. Aqueobs coating 

compositions are generally shear thinning due to their particulate nature. As a result 
paints made from such compositions will have a low viscosity during brushing resulting in 
only thin layers being applied, with poor flow and poor levelling. This brushing behaviour 
can be improved by adding thickeners to increase the viscosity however ittols usually 
20 makes the flow and levelling worse, resulting in a reduced open time. 

We have found that some thickeners can be used to give improved • fheojoglcal 
behaviour and open time. 

We have now invented aqueous coating compositions having aij ; improved 
advantageous combination of drying properties, particularly with regard to open time and 
25 tack-free time as discussed above. 

According to the present invention there is provided an aqueojus coating 
composition with an improved open time comprising: 

a) 1 to 36 wt % of a crosslinkable water-dlspersible oligomers); 

b) 4toS0wt %dfadlspersedpolymer{s); 

30 c) 3 to 75 wt% of a pigment with an oil absorption number £ 20g oil ./ 1 QOg 

pigment; 

d) 0 to 1 0 wt % of a Newtonian-like thickeners); 

e) 0 to 1 0 wt % of a thixotropic thickeners); 

f) 0 to 20 wt % of co-solvent; 
35 g) 10to80wt%of water; 

where g) + b) +C) + d> + e) + 0 * g) = 100%; 

wherein the weight ratio of a) : b) is in the range of from 1Q:90to 60:40: 'wherein d) 
+ e) * 0.1 to .1 o% and wherein said composition when drying to form a coating has $ tack- 
free time of js 24 hours. 

40 Tt 16 presence of the crosslinkable oligomer(s) (as discussed above) provides the 
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' «M to a .suhstrote. ,„ m^X^TS ^T* 
• mom coating over the main area ofT^cZT^ " * 

re**, i„ , homogeneous film layer. *" ei * strate » P«sib}e and still 

Open time is more formally define* M «: 
and under the specified corS SEST^ ,en9th ° ,,ims ' 
aqueous composite of ft. lnvention Z ^^ '^l h ^ a *** ». 
aqueou, composition of the hventton eto „Z 1 T" """ *« ** *«» 
■ a homogenous film layer. n " onater "•**> coaling flows baok so as to result In 

Preferably the improved open time is at i=L» , - 
P^torabVatlaaateandeapaorarn feMatl^T?' morepref8ra «y«feMt4,:moa, 
«* idenlical amour*, of coUI^f Tf? ««*«n« fprm'u|a.lon 

, an o„ ab.orpt.on n.mtarT^^ *5 ^ " lfc -*'«W»«« 

wl» give a vtacosl* of 4000 Sm ™Z'' W,, "™ W, «* 
BrootoWd dwV vlsoometar, aptndle #7 ^ 20 °' m "" iu ' ,|Sd "» a 

p^T»? tomu,aeon is * e ** ,bei ln mm *« 

tor example pol, uralnan9 ZZSS^SSV^^ <° 
a»8amer (8 ). poJyeNoxane oUgorne*, \SuSS^2^!\ °" 9 ?' ner( «*^ 
allgomarfs) may optional* be branched NtaTt °"Somer(s) and the crobpllnlsable 
as hyp^rbranched loromoleoulT^ ' ™ 0 " 9<,m6^^S, ™? also te ■**» 

The crossrnkabla oligomerfe) may crosslink'.* aa^—. ». 
«r mechanisms maudlng but no, rmhsd T^^ZSZ™** *r *■ 
silana condensation. By crosslink by alxSt Tm^l ! 
from an oxidation oceutring In the mJl^T^ rt **" """"n**. repute 

mechanism and Is pmfa^, Iw-ZZ It usuall " n ^ • *♦ radical 
base Mi, „ meant thr^^tT ? ° rotS " nka - * *•* ' 



a oarbonyMeactte amine and/or TlI!,?^.T «**°»«W taM 



a oarbonyMeactte amhe and/or n^ 9 ^1^™!"^^^ "*' 
reactive amine h^cnal groups include ones ^ TL " 
groups: R-NI-fe, R-o-NH 3 , R-0-N=c< R-tm S-niSjSL?^ follo ™ng compounds or 
whero R is optloneily subsdtuted c 'to "^^^ and R4»«H3K>*IH, 

C, to a,, pmferably c, to c„ alkyiBna, pWonaBy 
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substituted aiicyclic or optionally substituted aryl or R may also be part of ja ppjymer. 
Examples of oarbonykeatfive hydrazine compound© or groups include R-NH-NH 2l 
R-C(=0>NH-NH 2l R-C(=0}-NH-N=C<, R-NH-C(*QhNH-NH 2 and R-NH4C(-d^NHrN*C< 
where R is as described above, By sllane condensation is meant the reactipA of alkoxy 
g srlanie or -SiOH groups In the presence of water, to give siloKane bonds by the! elimination 
of water and/or aikanols (for example methanol) during the drying of the aqua^s coating 
composition. . ! ' 

Other crosstinking mechanisms known In the art include those provided by the 
reaction of epoxy groups with amino, carboxylic acrd or mercapto group? far masked 

10 msrcapto group* such as 5-(methacryloytaxy)me^ the 
reaction of mercapto groups with ethylenlcally unsaturate?! groups such as fumlarate and 
acryloyl* groups, the reaction of masked epoxy groups with amino or. imeFcapto 
groups, the reaction of isothiocyanates with amines, alcohols or hydrazines, ttji£ reaction 
of amines {for exampfe ethylenediamlne or multifunctional amine terminated polyafjcylene 

is " oxides) with (3-dlketo (for example acetoaceto>;y or acstoamide) groups to form famines. 
The use of blocked orosslinking groups may be beneficial, . » 

Preferably the crossllnkabie oligomer^) Is a self-crosslinkable <rtigpmfer(s) <i.e. 
crosslinkable without the requirement for added compounds, which cee$ with groups on 
the oligomer(s) to achieve crossllnKirtg, although these can still be employed ff desired). 

30 Preferably the orosslinking is by autoxidatlon. optionally In combination 'with other 

orosslinking' mechanisms as discussed herein. Suitably automation is provided for 
' . example by fatly actd groups containing unsaturated bonds (by which Is. meant the 
residue qf sych fatty acids which have become incorporated Into the oligomer by reaction 
at their carboxylic acid groups) or by (meth)allyl functional residues, (3-keto ester grloups 

25 ft ot p-keto smlde groups. Preferably automation Is provided by fatty acid groups 
containing unsaturated bond$. 

preferably the concentration of unsaturated fatty add groups if presfeht ftj the 
autoxldisably crossdnkable oiigomer(s) Is 10 ft? 80%, more preferably 12 to 7!0%, most 
preferably 15 to 60% by weight based on tie weight of the oligomer^), if combined with 

30 other autoxldisable groups in the aqueous coating composition, the fatty add coplent may 
be below 1 0% by weight of the oligomers). For the purpose of determining the : latiy, acid 
group content of the oligomers), it is convenient for practical purposes to use the weight 
of the fatty acid reactant including the carbonyl group but excluding the hydroxy ;grpup of 
the terminal acid group of the fatty acid* Suitabje unsaturated fatty acids for prpvf<5Hng;fatty 

35 . add groups, in the oligomers) include fatty ^dds derived 5 from vegetable o|l : or .non- 
vegetable oil such as soyabean oil, palm ail, linseed oil, tung oil, rapeseed oil, feunflpwer 
oil, tallow oil, (dehydrated) castor oil, safflower oil and fatty acids such as ltnoteic bald. 
Ilnolenric acid, palmitoiefo add, oleic add, afeostearic acid, iicanio acid, arachldt^p ^cid, 
rlcinoleic acid, erucic acid, gadoteic add, ciupanadonic acid and/or combination^ thereof. 

40 Particularly preferred Is an oligomer(s) in which the autoxidiseMe groups ajre only derived 
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from unsaturated fatty acids. Preferably at least 40% by weight, more preferably pt least 
S£>% by weight, of the unsaturated fatty acid groups contain at least two unsaturated 
groups, 

The crosslinkable oligomers) may be completely water-soluble or only have 

—r-- 5 -- - partlaf or law solubility In water* Preferably the • 

. or little solubility in water. If the crossirnkatye ollgbmer(s) Is only partially orfjttl^ soluble 
In water, It preferably has tow water solubility In a pH range of from 2 to 1p fi^d is either 
self-dispercible in water (i.e. dlspenslble by virtue of a sufficient concentration ci selected 
bound <in>ohain< chain-pendant and/Or chain-terminal) hydrophllic groups Iftilt ifito the 
3.0 crosslinkable oligomers), and thus not requiring high shear techniques ahsVofj added 
surfactants to produce the dispersion, although such methods can also be ! included If 
desired), of is only dlspersihie In water with the aid of added (i.e. external) surface active 
agents and/or the use of high shear mixing* Low water solubility confers the Advantage of 
a reduced water-sensitivity of the applied coating. Such . low water solubility Is jSeflnad 
15 herein as the crosslinkable oligomers) being less than 70% by weight soluble in water 
throughout the pH range of from 2 to 10 as determined for example by a earjtriftjge test 
as described herein. Preferably the crosslinkable oligomer^) is < 60%, more^ra^rebly < 
50% most preferably < 30% by weight soluble In water throughout, the pH range of from 2 
to 10, The er059iinHabie oligomer^) preferably contains a sufficient concentration of . 
j 20 bound hydrophllic water-dispersing groups capable of rendering the oiigprrar^) self- 

1 \ water-dlspersibie, but the concentration of such groups Is preferably not so great that the 

. oligomers) has an unacceptably high water solubility in order to not compromise the 
water sensitivity of the final coating. 

The type of hydrophllic groups capable of rendering the crosslinkable bllgomer(s) 
25 seff-water-dispersibie are well known in th3 art, and can be ionic water-dispersing groups 
(or a group which may be subsequently converted to such a water-dispensing, group, e.g. 
by neutralisation, such a group still being termed a water-dispersing gtidup ,fbr the 
purposes of this invention) or non-ionic water-dispersing groups. Preferr^ rion-ionlc 
water-dispersing groups are polyalkylene oxide groups, mare preferably polyethylene 
30 oxide groups. A small segment of the polyethylene oxide group may be replaced by 
propylene oxide segments) and/or butylene oxide segment^), however the polyethylene 
oxide group should still contain ethylene oxide as a major component. When th^water- 
dispersible group is polyethylene oxide, the ethylene ofcide group preferably hsis a Mw 
from 175 to 5000 Daitons, more preferably from 350 to 2200 Daitons . most preferably 

as from 660 to 1100 Daitons. Preferably the prossiinfcable oligomers) has ?a jpblyethylene 

oxide content of - 0 to 50% by weight, more preTeraBIynrto~39%^y^ 
preferably 2 to 35% by weight. 

Preferred Ionic water-dispersing groups are anionic water-dlsper?ihg Sgraups, 
especially carboxylic. phosphoric and or suiphcnic ac|d groups. The arilbnlp water- 
40 dispersing groups are preferably fUHy or partially In the form of a salt. Convjarslqb to the 
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salt form |$ optionally effected by neutralisation 0 f the crosslinkable oligomer® with a 
base, preferably during the preparation of the crosslinkable oligomer^) and/pr during the 
preparation of the composition of the present invention. The anionics dispersing groups 
may in some cases be provided by the use of a monomer having an already, neutralised 
acid group In the crosslinkable oligomers) synthesis so that subsequent neutralisation is 
unnecessary. If anionic water-dispersing groups are used in combination wjlh nbn^lonic 
water-dispersing groups, neutralisation may not be required. ,,' 

If the anionic water-dispersing groups are neutralised, the base used ! tp neutralise 
the groups is preferably ammonia, an amine or an Inorganic base. Suitable. lamines 
include tertiary amines, for example trlethyiamlne or N.N-dimethytethanolarrtYie. Suitable 
Inorganic bases include alkali hydroxides and carbonates, for example llthiuni hydroxide, 
sodium hydroxide, or potassium hydroxide. A quaternary ammonium hydroxide, for 
example fcrcCH^OH". can also be used. Qenerally a base Is used which gives punter* 
ions that may be desired for the composition. For example, preferred counter Ions' Include 
W, Na*. K", NH)" and substituted ammonium salts. 

Catjonio water dispprsible groups can also be used, but ate less; preferred. 
Examples include pyridine groups, imidazole group3 and or quaternary- 'ammonium 
groups, which may be neutralised or permanently' ionised (tor example with 
dimethylsu fphats). 

The crosslinkable oligomers) may be dispensed in water usjng techniques well 
known in the art. Preferably, the crosslinkable oligomer(s) is added to flip: water with 
agitation or, alternatively, water may be stirred into the crosslinkable oligomers), i 

Surfactants and/or high shear can be utilised In order to assist in the dispersion of 
the crosslinkable, water-dlspersible oligomer(s) in water (even If it Is selfrdlspsrslble).' 
Suitable surfactants Include but are not limited to conventional anionic, catipnip and/or 
non-ionic surfactants such as Na, K and NH< salts of: dial Wsulphosuccfnafesi salts of 
sulphated oils; plkyl sulphonlc acids; plkyl sulphates; and fatty adds, as well as alkali 
metal salts of sulphonlc adds; fatty alcohols, ethoxylated fatty acids and/or fatty amides, 
Other anionic surfactants include phosphonfe acid groups, phosphoric acid analogies and 
phosphates or carboxyllc acid groups, Catlonic surfactants indude alkyf tor (a.lk)aryl 
groups linked to quaternary ammonium salt groups. Non-ionic surfactants iinclude 
polyglycol ether compounds and polyethylene oxide compounds. The amount of 
surfactant used is preferably 0 to 16% by weight, more preferably 0 to 8% bjrwei'ght, stilt 
more preferably 0 to 5% by weight, especially 0.1 to 3% by weight, and most especially 
0.3 to 2% by weight based on the weight of the crosslinkable oligomers). 

The crosslinkable oligomers) preferably has a measured weight average 
molecular weight <Mw) in the range Df from 1,000 to 100.000 Daltons, moreitfrefeVably in 
the rangB of from 1,200 to 80,000 Daltons. most preferably in the range tfom 1.200 to 
65,000 Daltons. and especially in the range of from 1,500 to 50,000 Ddltons more 
especially in the range of 1iom 2,200 to 40.000 Daltons and most especially, ip thp range 
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of from 2,2.00 to 20,000. ~~ — — » 

For tiie purpose of this invention any moreeu|ar species with a molecular weight < 
1000 Dalfons is classified as either a reactive diluent or a plasticiser and is therefore not 
taken Into account for the determination of Mn, Mw or PDi. Plastldsers aije defined as 
5 liquid compounds with a molecular weight of 200 to .1 000 grniole. Preferably the amount 
v ^*Wffl&ffi'V^VMs&* based on the solids "wntehrof the composition is '.< 15 wt %, 
preferably & 8 wt %, more preferably < 3 wt % and most preferably 0 wt %. . . 

The molecular weight distribution (MWDj of the crosslinkable qligpmeirta)!has an 
influence on the equilibrium viscosity of the aqueous composition of the inventipn, and 
10 hence an Influence on the open time. MWD is conventionally' described ,by the 
polydispersity index (PDi). PDi Is defined as the weight average molecular weight divided 
by the number average molecular weight (Mw/Mn) where lower values are equivalent to 
lower PDi's. It has been found that' a lower PDi often results in lower vlscxjislttea for a 
given Mw crosslinkable oligomer(s): Preferably the value of PDI of the fcrossjlnkabie 
IS oligomers) Is <£ 15, more preferably :S10, and most prefers bly* 5. ,' 

Preferably the cmsslinkable oligomers) has a polyethylene oxide content pf 0 to 
45% by weight, more preferably 0 to 3S% by weight and most preferably to £$% by 
weight I 

The crosslinkable oligomer(s) preferably has an add value of in the rangeiof from 
20 0 to 80 mg KOH/g, more preferably in the range of from 0 to SQ mgKOHfg, stjll more 
preferably In the range of from 0 to 40 mg KOH/g, most preferably in the rar$e of from 2 
to 30 mg,KOH/g and especially in the range of from 3 to 25 mgKOH/g. : 

The glass transition temperature (Tg) of the. crosslinkable oligomer^) mjay vary 
within a wide range. The Tg (as measured by modulated DSC) Is preferablyih the range 
25 of from -120 to 250°C. more preferably in the ranga Of from -120 to lap 0 ©, still more 
preferably |n the range of from -70 to 70 D C, especially In the range of from .-{50 tp 2Q°C. 
Additional preferences for Tg, Mw and acid values for individual types of ollgpme'r(s) are 
given, below. ' [ 1 

Preferably tha composition comprises 2 to 28 wt %, more preferably 8! to 20 wt % 
30 and most preferably 4 to 15 wt % of a crosslinkable water-dispersible oligomers),! 

The water-dispersibl'e crosslinkable oligomers), if a polyurethane'6ligpmer(s) f 
may be prepared in a conventional manner by reacting an organic poJylsocya:rjate : wlth an 
Isocyanate reactive compound. Isocyanate-reactlve groups Include rOH, -SH; i-Nfrf-, and 
-NHa i 
33 Methods for preparing polyurethanes are known in the art and are de?fcrlb.ed to for 
example^tfee^EolyurethaneJrjandbDak 2 nd Edition, a Carl Har^r p'lhKr^ qn.iiiaa^ . by G. 



Oertel; and these methods are included herein by referents, in some preparations, an 
isocyanate-terminated polyurethane prepofymer is first formed which is ithen chain 
-extended with an active hydrogen containing compound, . -• 1 

40 Suitabte polyisocyanates include aliphatic, cycloaliphatlc, araljphatifc [ and/or 
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aromatic polyisocyanates. Examples of suitable pefyisoeyanates Indues ethylene 
dlisocyanate, 1,6-hexamethylene dlisocyanate, isophorohe diisocyanate, cyplohexane^l, 
4-dlisocyanate. 4.4 , -dicyelohexylmethane dlisocyanate, p-xylylene dlisocyanate, 
a,a'4etrahiethylxylene dlisocyanate, 1,4-phenylene dlisocyanate, 2,4*5luane 
dlisocyanate, 2,B.toluene dilsocyanate, 4.4'^iphenylmftthane dlisocyanate, 
polymethylene pDlyphenyl polyisooyanates. 2.4'-dlpbenylmethane difeecyMnate, 3(4)- 
Isocyanatomethyl-Lmethyl cydohexyl isocyanate and 1 .5-naphthyl?ne $HjsOj?yenate- 
Mixtures of polyisocyanates can be used and also polyisocyanates whldt-haVe been 
modified by the Introduction of urethane, allophanate, urea, biuret, c^rboplllmide, 
uretonlmlhe, urethdlone or Isocyanurate residues; " 

Crpssllnkable polyurethane oligomers) containing crossflnker groups are 
preferably obtained by employing as! a reactent in the urethane synthesis qt least one 
Isocyanaterreactive oiigante compound bearing a crossllnfcer groups Alternatively, but 
less preferably, an isocyanate functional compound bearing a crosslinks group(s}'rhay be 
used. * .• ■ : , '. 

Hyrfrophilic water-dispersing groups, If present, are preferably introduced by 
employing as a reactant(s) In the urethane synthesis at least one Isocyanpte^eactlve 
compound (or less preferably an isocyanate-functlonal compound(s)) bearing^ nbn-ionic 
and/or Ionic" water^lspersjng group(s) (as described above) as a reapjtan*! in the 
preparation of the polyurethane oligomer or prepolymer. Examples of such bompounds 
include carboxyl group containing dlols and triofs, for example dihydrexy alkanoL acids 
such as 2,2-dlmethylolproplonic acid or 2.2-dimethylolbutanoic acid. Examples of 
preferred compounds bearing non-Ionic water-dispersing groups include rhethoxy . 
polyethylene glycol (MPEG) with molecular weights of for example 350, 98& 7§b. 1000 
and 2000, as described In EP 0317258. : " 

Other Isocyanate-reacfive organic compounds bearing no hydrophilic| water- 
dispersing, groups which may be used in the preparation of crossllnkable polyurethane 
oligomer^) or polyurethane prepoiymers preferably contain at least one (mdre preferably 
at least two) isocyanete-reactive groups, and are more preferably organic pblyois. The 
organic polyols particularly Include dials and triols and mixtures thereof bui higher 
functionality polyols may be used, for example as minor components In admixture with 
diols. The polyols may be members of any of the chemical classes of polyols lused or 
proposed to be used in polyurethane formulations. In particular the Rofcbls ky be 
polyesters, polyesteramides, polyethers. polythioethers. polycarbonates, potyacetals, 
polyofefins or polysiloxsnes. Preferred polyol molecular weights are from 250 to 6000, 
more preferably from 500 to 3000. Low molecular weight organic compounds containing 
at least one (more preferably at least two) Isocyanate-reactive groups arid having a 
weight average molecular weight up to 500, preferably in the range of 40 to ?&0 <j*n also 
be used.. Examples include ethyleneglycol, neopentyl .glycol, 1iMi>pan<J>!, and 
1,4-eyclohexyldlmethanol. : 
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When an isocyanate-terminated polyurethane prepolymer is prepared, it is 
conventionally formed by reacting a stoichiometric excess of the organic pplylsoferanate 
with the isocyanate-reactlve compounds under substantially anhydrous conditions at a. 
temperature between about 30*0 and about 130°C until reaction between th^ isopyanate 
_ 9j^s and Bie Jsocyanate-reactive groups is substantially complete; the reacfente for the 
prepolymer are generally used In proportlon^cornesponding to a ratio of- Iso&anafe 
groups to Isocyanate-reactive groups of from about 1.1:1 to about 6:1, preferably from 
about 1.5:1 to 3:1. 1 

Alternatively a hydroxyl-terminated crossllnkable polyurethane oligomers) ;may be 
prepared directly by reactingthe reactants in proportions corresponding to a (ratio of 
isocyanate groups to isocyanate-reactlve groups of from about 0.4;1 to about! 0.99:1, 
preferably from about 0.55:1 to 0.95:1.. j 

If desired, catalysts such as dlbytyltin diiaurate and stannous ootci^.'a'rconlum or 
titanium based catalysts may be used to assist the crosslinkable polyurethane'ollg,bmer(s) 
formation. An organic solvent may optionally be added bBfbre or after prepolymer; or final 
oligomer formation to control the viscosity. Examples of solvents include w^ter-miscible 
solvents such as N-methyipyrrofidone, dimethyl acetamide, glycol eth«*ijs such as 
butyfdlglyepl, 2-prapanone and alkyl ethers of glycol acetates or mixtures thereof. 
Optionally no organic solvents are added, i 

An aqueous crosslinkable polyurethane oligomer^) dispersion may also be 
prepared, when the prepolymer/chaln extension route was employed, by dispersing the 
Isocyanatertsrminated polyurethane prepolymer- (optionally, carried in an organic' solvent 
medium) in an aqueous medium and chain • extending the prepolymer. wltH active 
hydrogen-containing chein extender in the aqueous phase. 

Active hydrogen-containing chain extenders, which may be reacted with the 
Isocyanate-terminated polyurethane prepolymer. Include arm'no-alcOhcW primary at 
secondary diamines or polyamines, hydrazine, and substituted hydrazines. 

Examples of such chain extenders useful herein Include alkylene disrminfas such 
as ethylene diamine and cyclic amines such as Isophorone diamine. Also rriater#ts such 
as hydrazine, azines such as acetone azlne, substituted hydrazines such as. for example, 
dimethyl hydrazine, 1;e-hexamethylene-bls-hydrazine, caTbodihydrazine, hydraiides of 
dlcarboxylip acids and sulphonic acids such as adlplc acid mono- or dlhydraizide, oxalic 
acid dfliydrazfde, isophthalfc acid dihydrazide, hydrazides made by reacting lactones with 
hydrazine such as gammahydfoxyibutyrlc hydrazlde. bis-semi-carbazidlel, afid bjs- 
hydrazide carbonic esters of glycols may be useful. Water itself may be endive as an 
fndirectchalnextenderr- . '. ; 

Where the chain extender is other than water, for example a pelyajnlne or 
hydrazine, it may be added to the aqueous dispersion of the isoeyanate-terpilnated 
polyurethane prepolymer or, alternatively, It may already be present In the ^queous 
medium when the Isocyanate-terminated polyurethane prepolymer Is dispensed 'jtherein. 
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Optionally a combination of chain extenders) arid chain terminators) rnay be 
used. Examples of chain terminators are mono-functional isocyanpte-hsactive 
compounds such as mb/io-alcohols, mono-amines, mono-hydra*lnes and,' mono- 
mercaptanes. The ratio of chain extender to chain terminator compounds is preferably In 
s the range of from 95:5 to 5:95, more preferably 50:50 to 10:90 and most preferably 35-85 
to 20:80. • 

The total amount of chain extender and chain terminating materials employed 
(apart from water) should be such that the ratio of active hydrogens in the chain 
extenders) to Isocyanate groups in the polyurethane prepoiymer preferably is In the 
id range from 0.1:1 to 2.0:1 more preferably 0,80:1 to 1.7:1 . j 

Any other known methods for preparing polyurethane dispersions sudn as a 
ketemlne/ketezfne process or a hot process as described in "Progress in braanlc 
Coatings', D. Dietrich, 9, 1 981 , p 281) may also be utilised. . !. 

The crosslinkable polyurethane oligomers) preferably has at least one glass 
is transition temperature (Tg) In the range of from -50 to 0?.c, ! 

The crosslinkable water-dlspersible oligomers) if a polyester ollgon1er{sJ! can be ' 
prepared using conventional polymerisation procedures known to be effective for 
polyester synthesis. General processes for the preparation of polyesters are- described In 
"Alkyd Resin Technology" by T C Patten, Publisher John Wiley & sons Inc. (1962). it Is 
known that polyesters, which contain carbonyloxy (i.e. -C{-0)-0-> linking groups 'may be 
prepared by a condensation polymerisation process In which monomers) .proving an 
"acid component" (including $ster-forming derivatives thereof) is reacted with monbmer(s) 
providing- a "hydroxy! component". The monomer(s) providing an acid pomporient'may be 
selected from one or more polybaslc carboxyHc acids such as dl- or trl-carboxyllc acids or 
ester-forming derivatives thereof such as acid halides, anhydrides or eSteri. The 
monomeKs) providing a hydroxyi component may be one or more polyhydric alcohols or 
phenols (polyols) such as diols, triols, etc Mono-functional acid and hydroxy tompopente 
• may also be included In the preparation of the crosslinkable polyester oligomers); (ft is 
to be understood, however, that the crosslinkable polyester oligomers) ma^ contain, If 
30 desired, a proportion of carbonylamlno linking groups -C(=0)-NH- (i.e. amida 1 linking 
group) by including an appropriate amino functional reactant as part of the "hydroxy! 
component" or alternatively all of the hydroxyi component may comprise amino functional 
reactents, thus resulting in a polyamlde oligomer; such amide linkages are in fact isefol in 
that they pre more hydrolysis resistant). * '• 

as There are many examples of carboxyHc acids <or their ester forming derivatives) 

which can be used in crosslinkable polyester oligomers) synthesis for the proyisio : n of ihe 
monomerfs) providing an add component Examples Include, but are not limited to d to 
monocarboxylic acids such as (alkylated) benzoic acid and hexanoic aqd; er^d Q A to 
Qm aliphab-o, allcycilc and aromatic dicarboxyllc acids (or higher functionality apids) or 
40 their Bster-formlng derivatives (such as anhydrides, acid chlorides, or lower alkyf. esters). 



20 



25 



EB-MAR-2003 15:12 FROM:fiUE Clfl LTD 

001 70:9-01633814444 P>015 

SMC 60578 ! 



C 



# 



25 



30 



3S 



40 



Specific examples include adiolo ae!d fum«r, TT~T~ — r --^. 

M^oheKanedica.boxyte Jf 1 add. *«»«*,: add. 

component. The po W praferably * *• "»non,er( s , imm a 

and towy, alcohol. SuteWe polyo|5 JS^!* In * da tor ^ano, . 

aucb as 1.2-e.hanedIo!. V^^^^T™**™** per ™*«* <M> 
propanedfe, (neopen*. g£J"£ * \ "** «* M#«H» 

oairesponding cyctohexane dlraathanols "dbfhui - • 1 ' 4 ^*"^»ned| D ls and the 

Suitable polyots „«, te 'lZt2^' |,, ^**»<A 

Sanara! methods: „ ^ ^ y ^^^^^ 
oligomers) . mon^, L P *™ rtaalran to form a payees 

Paadng a reacflv* eroup Jh^i ^ d If"* " B) a "-W* 

diapers^ groops are fc PNta *^ "» V water, 

groups. Preferably Incorporation of cartaJSTT^ 3r °" ,M ' Pr 5 * h P™*» 
■aaldua! ca rboxySc atid J^J. W 801(1 can oeeur by hjadna a 

P0.yaa.er o, 9 o m er<s> „ .TS^^"*** 1 *" * 
dlrnelhylolpropionto add. feamnl.. Jl. nyt "™ ! ' ™onal adds such as 

aa,phonlcacld SU b smutedaro ^ d|ra ^^»«"* <h« <W mW lsaS of 
aalphc-1 Mmn dlcarboxylle add PnZ° 7 t,s - fer< "< am P ta «*•« meteisdfcofs- 
acld (SS ,PA). oxyneadd. PartKularfy prefer s aod| 0 * S ulphpl 5 ii,hthallo ■ 

^^Za^o^^ufe^r 1 ? 0roup wrt9W 

preferably fto m 10 to 7S «C Jlent p7^ " pV'^^^'M 5 * 5 

^fnteplepolyaateroNgomertajie.nteZol^ T* 1 ' 9,6 «* va N * 'he 

PWeraNy the crcasJaL pSXL ,^ m9K ° H ' S '- ! 
content of p to 2s% by wefcht P * °"8 ome *) has a polyetDyfen* 0!dae 
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The ssterlfication polymerisation processes fir making the crosslinkabie polyester 
oIlgomer(s) for us© in the invention composition are well known in the art and rt66?S. not ba 
* described here in detail. Suffioe to say thai they are normally carried out In tHe melt using 
catalysts such as tin-based catalysts and with the provision fop removing anfy v/ater (or 
s alcohol) formed from the condensation reaction, A solidified melt Is preferably Iri a form 
such as flake or ground solid. ; 

• The crosslinkabl© polyester oligomers) may be dispersed in watgf using 
techniques well known in the ait An aqueous dispersion of the crossiinkabfe polyester 
ol|gomer(s) may be readily prepared by adding water directly to the hot i;ross|inkable 
lb polyester oligomers) melt, by adding an aqueous pre-dispersiort (<?r organic ^solvent 
solution) of the polyester oligomer(s) to the water phase, or by dispersion of tfte splidlfi.ed 
melt from the condensation polymerisation directly Into water, J 

The crosslinkabl©, water-dissipatable oligomer^) If a vinyl oilgomsrfc) is j usually 
derived from free radically poiymerisable oleflnically unsaturated monpmer{s); wftich are 
..15 also' known as vinyl monomer(s) and can contain polymerised units qf a wpde rkige of 
such monomers, especially those commonly used to make binders for tile coatings 
industry. By a vinyl oligomer herein Is meant a homo- or co-oligomar of one or mdne vinyl 
monomers, 

• The hydrophilic watpr-dispersing groups may be introduced by forexs|mpte I) 

20 . utilising in the synthesis of the cnossllnkable vinyl oligomers) a vinyl mourner which 
carries a hydrophilic water-dispsrsing group (for example an olefinlcaily unsaturated 
monacarboxylic, sulphonlc and/or dicarboxylic acid, such as acrylic add, meihf cryjflc acid, 
j3-carboxy ethylacrylate, fumarlc acid or itaconlc add, an amidfcr ?ifOh as 
(meth)acrylamtde, or a polyethyleneoxid© containing (meth)acrylate monomter such as 

25 methoxy(pplyethyleneo>dde (meth)acrylate) or a hyrfroxyalkyl (meth)adryla|te like 
hydroxyethyl (meth)acrylate HE(M)A, or alternatively ii> utilising a precursor vjriyl Oligomer 
bearing reactive groups which is subsequently reacted with a compound earring i water- 
dispersing group, j 

The crosslinker groups may be Introduced Into a vinyl oligomer usjng two jgeneral 

30 methods: i) by utilising a vjnyl comonomer(s) which carries 9 crossflnker groujs or it) 
utilising a precursor vinyl oligomer selected reactive groups and which prequpstor oligomer 
is subsequently reacted with a compound carrying a crosslinker group. An Sample of i) 
is the preparation of an adduct of GMA (glycidylmethaciyiate) and qrr uns^ratjsd fatty 
acid to form a methacrylate bearing an unsaturated fatty acid residue as a : crojsstinker 

35 group, and then using this as a comonomer in the polymerisation synthesis of the 
crosslinkabte vinyl oligomer. An example of II) Is the initial formation of a precursor vinyl 
oligomer hearing epoxide groups by employing GMA as a ccmonamer in the Synthesis of 
the precursor oligomer and then reacting this with an unsaturated fatty acid .vjrherjeby the 
acid and epoxide groups react to attach the unsaturated fatly acid residue- crcfeslinker 

40 . group by covalent bonding. 
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Examples of vinyl monomers which may be used to form a crossfirjkabje vinyl 
oligomer include but are not limft^ to 1,3-butadiene, isoprene, elyrene. a-methyl Gyrene, 
divmyl benzene, acrytonitrtlG, methacrylonitrile, vinyl nalldes such as "vinyl chloride 
vlnylldene halktes such as vinylidene chloride, vinyl etheis. vinyl esters subh ** vlny! 

- 5 • acetate ' W P'oPtonate, vinyjj i urate,.and vinyl esters of versajle apjd_such as Vaova 9 

and Veova 10 (VeoYa Is a trademark of Shell), heterocyclic vinyl compounds, alkyi esters 
of mono-olelinically unsaturated dicarboxylic acids (such as *n*Jttf mi3|6ate and 
di-n-butyl fumarate) and. in particular, esters of acrylic acid and methacryllc acid of 
formula J 

10 ch 2 =cr 1 -coors 

wherein R 1 is H or methyl and R= Is optionally substituted alkyl or cycloafcyl of <1 to 20 
carbon atoms (more preferably 1 to S carbon atoms) examples of which W methyl 
acrylate. methyl methacrylate. ethyl acryfate, ethyl methacrylate, n-butyl acrylatej n-butyl 

is methacrylate, 2-ethylhexyl acrylate, 2-ethythexyl methacrylate, isopropyl acrylate 
isopropyl methacrylate. n-propyl acrylate, n-prOPyl methacrylate, and hydroxyalkyi 
(meth)acryIate S such as hydroxyethyl acrylate. ; hydroxyethyl methacrylate. 
2-hydroxypropyl methacrylate, 2-hydroxypropyl acrylate, 4-hydroxybulyl acrylate I . 
4-nydtoxybutyl methacrylate and their modified analogs like Tone M-IOOfTone is a 

20 trademark of Union Carbide Corporation). , 

Particularly preferred Is a crosslinkable vinyl oligomer made from a monomer 

CH 2 -CR COGR* as defined above. Such a preferred crosslinkable vinyl oligomer Is 
defined herein as a crosslinkable acrylic oligomer. More preferably, the mdnomerWtem 

25 conte.ns at least 50 wt.% of such monomers, and particularly at least 60 wt%, Trie other 
monomer^) In such acrylic oligomer^) (if used) may include pne or more, of the other 
vinyl monomers mentioned above, and/or may include ones different to suck other 
monomers. Particularly preferred monomers Include butyf acrylate (all isomers), butyl 
methacrylate. methyl methacrylate, ethyl hexyl methacrylate. esters of (rnethfecryjio acid, ■ 

30 acrylonltnle, vinyl acetate and styrene. ; 

The crosslinkable vinyl oligomer^) is preferably prepared by free '< radical 
polymensation. although in some circumstances anionic polymerisation may be utilised 
The free radical polymerisation can be performed by techniques known Inthe.art, for • 
example by emulsion polymerisation, solution polymerisation, suspension polymerisation 

35 or bulk polymensation 



40 



ol,gomar(s) will require the use of a free-radical-yielding initiator^) to initiate the vlnyi 
monomer polymerisation. Suitable free-radfcar-yieldfng initiator* include irjorganlc 
peroxides such as K. Na or ammonium persulphate, hydn^n peroxide, or 
percarbonates; organic peroxides, suoh as acyl peroxides including e.g, benzoyl peroxide 
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alky! hydroperoxides such as t-butyl hydroperoxide and cumene hydroperoxide dlalkyl 
peroxides such as di-t-butyl peroxide; peroxy ester* such as t-bulyi perbenzpate and the 
like; mixtures may also be used. The peroxy compounds are in s«mei cases 
advantageously used In combination with suitable reducing agents (redox systems) such 
as Na or K pyrosulphite or bisulphite, and Iso-ascorbic acid. Azo compounds such as 
azolsobutyronltrite may also be used. Metal compounds such Fe.EDTA (EDTA is 
ethylene diamine tetracetic acid) may also be usefully employed as part of the redox 
Initiator system. It is possible to use an initiator system partitioning between the aqueous 
and organic phases, e.g. « combination of t-butyl hydroperoxide. Is^ascoroic acid and 
Fe.EDTA. The amount of Initiator or initiator system to use is conventional, eg. within the 
range 0,05. to 6 wt.% based on the total vinyl monomer(s) used. 

It may be desirable, to control the molecular weight of the vinyl ollgomerfs) by 
add«.on of a chain transfer agent to the free radjcaf polymerisation process. Conventional 
chain transfer agents may be utilised and Include mercaptans, sulphides, disulphldes. 
tnethylamme and halooarbons. In particular however the technique known as ^talyfe 
chain transfer polymerisation (CCTP) may be used to provide tow molecular weidhts. In 

H TV, T ^ po,ymarisatlo n 13 carf1ed ° ut «"* a free radical fomiin^nitiafer 
and a catalytic amount of a selected transition metal complex acting as a catalytic chain 
transfer agent (CCTA). and In particular a selected cobalt chelate complex, Such a 

wT,c U !«? een f ° r SXample ln N ' a EM apyan et al, J.Polym.Chem.Ed., 

Vol 19. 879 (1981), US 4S26945, US 4680354, EP-A-0196783, EP-A-0 W EP A 
078851 8 and WO-A-S7^03605. ^ * 

The use of catalytic chain transfer agenb provide important benefits silich ae such 
as a) very low concentrations of catalytic chain transfer agent (typically 1 to lOOOppm by 
we^ht of vnyi monomer used) are required to attain the preferred lew motedulai weight 
ohgomer and do not have the odour often associated with conventional chain transfer 

b) CCTP allows the preparation of a vinyl oligomer^) which has a narrower PDi 
than, is achievable by the use of conventional chain transfer agents for low Mw 
oligomer(s). As discussed above, low PDI favours low vfecosily in the bulk and in solution 
(for a giver, Mw), which In turn leads to longer open time and wet edge time. 

The crosslinkable vinyl oligomer^) of the composition of the invention preferably 
has an acid value in the range of from 5 to 15 mg KOH/g. ' 

The non-crossllnkable, water-dlsperslble oligomer(s) if a hyperbranched 
macromolecule(s) may be prepared by controlled step^rowth (condensation) 
polymerisation and uncontrolled chain-growth (addition) polymerisation; Methods for 
prepanng hyperbranched or dendritic molecules are known in the art and are desdrtbed In 
tor example in Tomaifa et al (Angewandte Chernie International Edition English, 1 W Vol 

^kn±£VZ ! n ? C l 0Pa8d,a * Pdymer Sc,0nts and engineering, Volume', 
index 1000, pp 46-92. Methods for preparing hyperbranched macromolecule(s) are also 
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reviewed 1p US 5418301, US 6663247, WO 96/19537. WO 96/13SS8, US 5270^02, US 
51 36014, US 51 83862, WO 93/1 8079, US 526S1 06 and US B8341 1 8 and these Methods 
are Included herein by reference. 
I The crossllnkable hyperbranched macromolecuie(s) are often derived from a 

"i " ~"~5' ""^nucleus 5 {or core molecule) havlng^one-or more reactive groups to -whiqh- successive. . 

groups of branching and/br chain-extender molecules having at least two reactive ^groups 
are added to form branches; Each successive group of branching anci/or phajn-extender 
molecules is normally known as a generation. The branches may .then be' chain- 
terminated by adding a chain-terminator molecuie(s) having one reactive grpupithat Is 

10 reactive towards a reactive group on the branch, Alternatively the branches can be made 
first and linked together afterwards to give the hyperbranched macromo!ecuIe(s). ; 

The size, shape (for example spheroid-, comb- cylindrical- or elllpsold-sjhaped) 
and properties of hyperbranched macromolecuIe(s) can be controlled by the choidi of the 
core molecule, the number of generations, the degree of branching and the chpip© and 

is amount of chafn-extender and chain-terminator molecules employed. 

Examples qf core molecules Include but are not limited to molecules having; one or 
more carboxylic add group? (including monofunctlonal carboxylic acids haying ^t least 
two hydroxyl groups such as dlmethylblpropionic acid), amine groups (Including anSmonia, 
polyfunctions! amines, such as ethylene diamine, linear and/or branched 

20 . polyethylenelmlnes), halfde groups, hydroxy! groups (including mono- and polyruriciional 
alcohols such as pentaerythritol, dipentaerythrltol, alkyl glycosides, neopentyl i glycol, 
trfs^ydroxym^thyOethane, trimethylolpropane (TMP), bis-TIM C\ sorbitol, m^nnltol. 
sacharldes, sugar alcohols, 1 1 1 fl 1-tris-(4 , -hydroxyphenyl>ethane F 3,5,dlhydraxy4benzyl 
alcohol) or epoxide groups. ; 

25 .Examples of chain-extender molecules include but are not limited to 

difeocyanates, dlethylene diimihe, diols, and carboxylic anhydrides, Ex^mpifes of 
branching molecules include but are not limited to, for example, 3,5^lhydroxy}benzyl ■ 
alcohol; monofunctlonal carboxylic acids having at least two hydroxy! groups, eUch as 
dimethylolproplonic add, and dimethylolbutanoic acid, hydroxy functional dlaclds (or their 

3D esters) such as aspartate esters, S-hydroxy-isophthaiic add s but may also be indirectly 
obtained, for example through two Michael additions of an acrylate ester or acrylorfltrlle to 
one primary amine functional group, or through reaction of a carboxylic acid functional 
anhydride such as trimellHte anhydride (TMA) with an OH functional group, which 'results 
in a diacid functional group. ; 

3_5_ Examples of chain-terminator molecules include but are not limited to ! 'mono- 

functlonal molecules (or oligomers) carrying for example epoxide, isocyanatjs, hydroxy^ T 
thiol, carbonate, carboxylic anhydride, ester, amides, phosphates, >aminp f suipfionate 
and carboxylic acid groups (such as benzoic add and (meth)acrylic acid, which re$ct with 
the reactive groups on the periphery of the hyperbranched macromoJecule(s). 
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h(morh ! *** reaCt,Ve 9 rw P 5 used in the preparation of 

hyperbrencbed macromoleculefs) ysua(Iy include but are not limited * hydroxy! 

z^iT'rT^v^' * m ' carboxyife 

silanes, nitrites (which after reduction give amines} and oxasolines. 

h lnker and/or hydnophilfc water-dispersing groups may be introduced into 

the hyperbrenched macromolecule(s) using two general methods; i) by utilising in the 
polymer safon process to form a hyperbranched macromoleculefs). a branching 
molecule, a chain-extender molecule and/or chafn-terminator molecule carrying a 
crosslinks group and/or hydrophilic water-dispersing groups: or ii) utilising a molecule 
chan-extender and/or chain-terminator compound bearing selected reactive groups and 
which motecul* to subsequently reacted with a compound carrying a crosshW group 
and/or hydrophilic water-dispersing groups, . 

Preferably the crossllnkable hyperbranched macromoleculefs) has a polyethylene 
ox.de content of 7 to 38% by weight and more preferably 12 to 35% by weight 

The aqueous composition of the Invention also Includes a polymer(s) dispersed 
fliereln which is not a crossllnkable oligomers) and preferably has a Mw > 1 10,000 
Daltons, herein termed a Aspersed polymer" for convenience. ~ • 

The d ; s P^ sd Po!ymer(s) may for example be a vinyl polymer, polyurdthana. 
polyester, polyether, polyamide, polyspoxide, or a mixture thereof. Tpe dispersed 
polymery may also be a hybrid of two or more different polymer types such as urejhane- 
acrylic polymers (as described In for example US 5137961), epoxy-acryllc polyme* and 
poiyester-acryhc polymers. The dispersed polymerfs) may also be an organic-inorganic 
hybnd. for example silica particles grafted with a vinyl polymery. Preferably the 
d.spersed polymers) Is a vinyl polymer. Blends of dispersed polymers may of We 
also be used. The di aperse d polymerfs) may be prepared as described aoove for the 
crossllnkable oligomers). 

Preferably the weight average molecular weight of the dispersed poiymerfaJiMw in 
the aqueous polymer dispersion Is in the range of from 110,000 to 6,0QQ;<?QQ,; rrroie 

«I e n^' y ln H^ rt ranSe * fr0m 15 °' 0D0 to 2 -° 00 ' 000 ' and s^ 3 '* ^ «he range of from 
260,000 to 1 ,500,000 Daltons. If the dispersed polymerfs) Is folly precresslinKed ife Mw 
w.H be infinite. Also, in some cases, the synthesis to form the crossllnkable oligomers) 
y«elds. in addition to the low molecular weight oligomer, an amount of very hfgh molecular 
weight material. For the purposes of this invention, such very high molecular ielght 
matenal. produced insfa, is to be considered as a dispersed polymer. 

The Mw of the dispersed polymerfs) may be < 110,000 Daltons with the proviso 
thai it is nonncrosslinkable. 

The dispersed polymerfs) may be film forming or non-film forming at anSpient 
temperature. 

. Preferably tha dispersed polymerfs) has a measured Tg (using DSC) wfiLh is 
preferably in the range of from -50 to 300°C, and mora preferably in the range of fobrn 25 
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have mo% man one Tg. Socially preferred is a vinyl polymer With 10 to .50 jl% of a 
soft part with a Tg in the range of from -30 to 20°C and 50 to 90 wt.* of • *S££ 
■ ^ a Tg in the range of frem 60 to HOC. This combination ^.JT 
advantage of Improved bldcTr^istence -of the resulted <«^JHf ~ 
solvent Late of 0 to 15 wt%. more preferably 0 to 5 wt.% and most preferably 0 to 3 
wt% oftoe aqueous composition are used. Blocking is the wall-known phenomenon** 
coated substrates which are In contact tending to unaccaptebly adhere to each-otper, tor 
io examples doors and windows In their respective frames, particularly whan junder 
pressure, as for example In stocked panels. . , 

Preferably the dispersed polynier(s) has ah average particle size In the range of 
from Z5 to 1000 nm. more preferably 50 to 600 rim, more preferably 100 to 500 njn and 
especially in the range of from 150 to 450nm. The dispersed polymery) may also have a 
is polymodal particle size distribution. :' 

Preferably the composition comprises 7 to 40 wt % and more preferably 10 to 30 
wt% of a dispersed polymer(s). 

The dispersed polymers) may optionally contain acid groups, The preferred add 
value of the dispersed polymer(s> depends on the type and molecular 5 wejght of 
2 o cressllnkable oligomers) and (If present) the type of cosolvent used. ■ If the cjbsslinkable 
oiigomer(s) is hydrophilio, the cosolvent (if used) Is preferably also of a hydrophlllp: nature 
and a low add value of the dispersed polymeria) Is preferred (preferably below 40, more 
preferably below 30, especially below 24, more especially below 19 and most especially 
below 15 mg KOH/g). If however a hydrophobic crosslinkeble oligomer is usfed, for 
25 instance without dispensing greups, the co-solvent is preferentially of a hydrophobic 
nature (If at all present) and therefore much higher acid values (up to an eoid *alue of 
160, more preferably up to an acid value of 125, most preferably up to ah apid Value of 
• 100 mg KOH/g) of the dispersed polymer(s) may be tolerated to give the; desired 

properties. f 
30 the dispersed polymery) may optionally contain hydroxyl groups. If the dispersed 

polymer(s) is a vinyl polymer comprising polymerised (meth)acryllo monomers then 
preferably toe hydroxyl group content in the vinyl polymer Is preferably below 1 |t 0 wt%, 
more preferably below.0.5 wt% and most preferably below 0.2 wt% based on the weight 

of the vinyl polymer. i 

The dispersed polymery) may optionally contain amide groups ,<sucr) groups 
~ bclng eg- o litalnable^nt^ffriae^jnotiOPal monomers su c h as (meth)acTylaftilde). If the 



dispersed polymer(s) is a vinyl polymer comprising polymerised (flneth)acrylamide 
monomers, then preferably the amide group content in the vinyl polymer is fcjelow 3.0 
wt.%. more preferably below 1 .5 wt.% and most preferably below 0.6 wt.% bas^d on the 
40 weight of the vinyl polymer. 
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The dispensed polymeF(s) may optionally contain wet-adhesion promoting gfbups 
such as aoetpacetoxy groups, (optionally substituted) amine or urea groups, for example 
cyclic ureido groups, imidazole groups, pyridine groups, hydrazjde or semlcarbazlde 
groups. 

The dispersed polymer(s) may optionally contain crosslinker groups which lallow 
orosslinklng of the dispersed polymer(s), thus speeding up the drying rate and (rnpfaving 
the properties of the final coating (e.g. chemical resistance and scratch resistance)* j 

Preferably a significant part of any crossllnking reaction only take* place after 
application of the aqueous coating composition to a substrate, to avoid an excessive 
molecular weight build up in the Invention composition prior to such application (by 
precrossllnking) which may lead to Impaired film formation and a decrease in jjvater-. 
resistance. ] 

in an embodiment the dispersed poiymer(s) may be fully or partially pre- 
crossllnked (i.e. fully or partially crossllnked while present in the Invention aqueous 
coating composition and prior to applying a coating). Preferably the dlsipersed jsolymeits) 
Is partially pre-crossllnked. If the dispersed polymer(s) is a dispensed vinyl p<3rfymef($) pre- 
crossllnking may be achieved by using polyunsaturated monorners during th4 vinyl 
polymer synthesis such as ally! methacrylate, dlallyl phthalate, tripropylene j glycol 
di(meth)acrylate t 1,4-butanedtoI diacrylate and trlmethylol propane triacrylatel Aliyl 
methacrylate Is most preferred. Alternatively vecy low levels erf Initiator may be: used, 
feeding to chain-transfer to the dispersed vinyl polymer(s) and hence to grafting arid Migh 
Mw. Other ways to generate pre-crosslinklng in a dispersed vinyl polymer(s) is to ijnclude 
the use of monomer(s) bearing groups which may react with each oftier during synthesis 
to effect pre-crDssIinking for example glycldylmethacrylate and acrylic acid. ; 

Particularly preferred dispersed vinyl polymer(s) are acrylic polymer(s) prpparfcd 
from acrylic monomers as described above. 

In a preferred embodiment the dispersed vinyl polymers) comprises: 

I. 15 to dOwi.% of styrene and/or a-methylstyrene; 

II. 0 to 50 wt% of one or more of metnyl methacrylate, ethyl methacrylate, 
cycjohexyl (meth)acrylate and n-butyi methacrylate; 

III. 0 to 7 wt.%, more preferably 0 to 3.5 wt.%, of vinyl monomer(s) containing ja 
carboxyllc acid group(s); 

IV. 0 to 10 wt.%, more preferably 0 to 5 wt.% of vinyl monomers) containing a 
nonrlon'^c water-dispersing group(s); 

V. 5 to 40 wt.% of vinyl monomer(s) other than as in l to IV, VI and VII; 

VI. 0 to 5 wt.% of vinyl monomer(s) containing wet adhesion promoter or 
crosslinker groups (excluding any within the scope of HI and VII); and ■ 

VII. 0 to 8 wt.%, more preferably 0 to 4 wt%, and most preferably 0,5 to 3 wt% of 
a polyethylenicaily unsaturated vinyi monomer, 
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wherein I) + II) add up to at least 50 wt% and I + II + III + IV + V +V1 + yil add up to 
100%. 

Methods for preparing aqueous dispersed polymer(s) are ravfawed In thje Journal 
of Coating Technology f volume 66, number 839, pages 8<M05 (1995) and Emjulslon 

... . s Polymerisation grid Emulsion Polymers. P. Lovell, M.S. B-Aesser, John Wiley,, 1907 and 

these methojds are Included herein by reference. . Any published variant of tfe emulsion 
polymerisation process may be utilised to prepare the dispersed polymers), Indudjhg the 
use of seeded emulsion polymerisation techniques to control particle size and pjartlcte 
size distribution, sequential polymerisation and power feed technique (ch^tef J 23 in 

10 "Emulsion Polymers and Emulsion Polymerisation" D R Basset and AE Hamielec; ACS 
Symposium Series No 185 B 1981 )■ 

Preferably the dispersed polymer(s) Is colloid stable and it "is also desirable that 
colloid stability 13 maintained for as long as possible into the drying process sines* early 
~ loss of colloid stability ran bring a premature ehd to open time. Since the- final coating 

as ' composition may often contain co-solvents end dissolved jonta species <e.g, from pjjgment 
dissolution and from the presence of neutralising agents), it is desirable that the jcollold 
stability of 'the dispersed polymer(s) Is. adequate to withstand any destabilising Influences 
of these components. Colloid stability may be achieved by tha addition of surfactants at 
any stage cjurtng the preparation of the aqueous composition of the Invention/ {Higher 

20 levels of colloid stability may be obtained by chemically binding or partially finding 
hydrophilic stabilising groups such as polyethylene oxide groups to the surface of 
dispersed pplymer(s) particles. Suitable surfactants and stabilising groups are- described 
In "Non ionic Surfactants-Physical Chemistry" (MJ Schick, to Dekker Ina 1987), "Polymer 
Colloids* (Buscail, Comer & Stageman, Elsevier Applied Science Publishers 1985Jj, (DH 

25 Craig. Journal of Coatings Technology 61, no, 77SL 48. W&$) and EP 031725B. 

The combination of crossllnkable oligomers) and dispersed polyrqerfc) Ik most 
conveniently prepared by physically blending the corresponding aqueous dispersions. An 
alternative method is to prepare the crossllnkable oligomer(s) In organic sclent sblution 
and to disperse this solution directly Into an aqueous dispersed po}ymer(s), Another 

30 method is to introduce the crossllnkable oligomers) into an aqueous free [radical 
polymerisation reaction which produces the dispersed polymer(s). 

The crossllnkable oligomers) may also be diluted with reactive cjlluent (for 
example vinyl monomers) at any stage of its preparation and then dispersed iri water 
containing a dispersed polymer(s), followed by polymerisation of the reactive effluenrt in the 

35' presence of the crossllnkable oligomers) and the dispersed polymer(s). Optionally, 
d^endin'g^ 

diluent prior to use In a coating may be required. 

Alternatively the crossllnkable oligomers) and dispersed pjolymer[s) rftay be 
combined by preparing a redlspersible dry povwter form of the dispersed polymer^), and 
40 then dispersing the redlspersible dry powder directly into an aqueous disparates* of the 
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crosslinkable ollgomerfe). Methods for preparing redieperslble dry powders from ppjlymer 
emulsions are described for example in US 5,982,554 . PE 3323804 and EP 03985?k 

in a preferred embodiment of the invention the crosslinkable oligomer^) and the 
dispersed polymer(s) are compatible in the drying aqueous composition. Preferably the 
crossHnkabte oligomers) and the dispersed poiymer(s) give clear films upon film 
formation after coating of the aqueous composition onto a substrate. 

Preferably the ratios by weight of solid material of crossllnkable oligomers) to 
dispersed pplymer(s) are in the range of from 10:90 to 50:50, more preferably in the 
range of from 15:85 to 40:60, still more preferably In the range of from 2O;B0 to 35:65. 

Preferably the composition of the Invention comprises 3 to 68 wt %,'more 
preferably 3 to 60 wt %, most preferably 20 to 67 wt % and especially 45 to 55 wt % of a 
pigment with an oil absorption number < 20 g o\\ft 00 g pigment, 

Preferably the oil absorption number of the' pigment Is < 18 g oil, more preferably 
< Ifi g oil/l00g pigment. The oil absorption number is determined by the palette knife 
method ISO 787, part 6. The pigment may be any pigment known In the 'art knd is 
preferably an Inorganic pigment Examples of Inorganic pigments include but are not 
limited to metallic oxides such as titanium dioxides, zinc oxides, iron oxides, cobalt oxides 
and chromium oxides; metal powder suspensions such as gold and alurpinium; : earth 
colours such as siennas, ochres and umbers; and lead chromates. The most preferred 
inorganic pigment Is titanium dioxide (rotHe): 

Organic pigments include mineral pigments such as carbon black. 
The physical characteristics of pigments such as their oil absorption number have 
been found to Influence the rheology . Other characteristics include the water absorption 
number. Preferably the water absorption number Is < 40 cm 5 , more preferably < 3i5 cm 3 , 
and most preferably < 30 cm 3 and especially < 28 cm 3 per 100 g of pigment^ when 
measured using the procedure given below. 

The oil and water absorption numbers may be influenced by the particle size and 
any surface treatment of pigments, 

The pigment volume concentration (PVC) of pigment is preferably about 1 fe 48%, 
more preferably about 1 to 36%, most preferably about 2 to 26%, especially about S to 24 
wt% and most especially about 17 to 23%, The pigment volume concentration is defined 
as the pigment volume / (pigment volume +■ oligomer volume + dispersed pblymer 
volume). 

The composition of the invention may also comprise pigment disperaants. Pigment 
dlspereants may affect the oil and water absorption properties of the pigments as well as 
influencing any oligomer pigment Interactions. Examples of pigment dispersants include 
but are not limited to the Disperbyk range from Byk Chemistry such as Disperbyk 181, 
Dlsperbyk 190; Ladmon WS, the Borchi Gen range from Borchers such as Boreal Gen 
NA 20; the Dlspers range from Tego such as Dlspere 71 5W, EFKA-1 101-1603, -EFKA- 
5010-5244, EFKA-4008-4800; the Nuosperse range from Sasol; soya lecithins; Triton 165 
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and Triton 405X from Dovv Chemical; the Orotan range from Rohm & Haas, sy£h as 
Orotan 731 3D, Orotan 1124; the Solsperse range from Avepia Additive^, such as 
Solsperse 2000, Solsperse 27000; Pigmentverteiler A from BASF; Hydropalat 1706 from 
Cognis; and Cortex A122 from Coatex. 

-5 The pigment di^pereants if present preferably have a Mw > 3000, more preferably 

> B000 Daitons. 

The pigment dispersants if present, preferably comprise 0.1 to 10wt %/more 
preferably 0.2 to 5 wt % of the composition of the Invention, 

Ranges of thickeners are available for aqueous coating compositions. Newjtonian 

10 thickeners are defined as thickeners that have a viscosity that is independent of the) shear 
rate. Examples of Newtonian thickeners Include but are npt limited to Acrysol RW 1020 
and Acrysol RM 2020 (Rohm & Haas); and Nuvls FX 1D70 (Sasol Servo). 

Thickeners that exhibit a reduced viscosity as shear increases are knouvn as 
pseudoplastic or shesr thinning thickeners. Thickeners that exhibit an increase In 

is viscosity as shear increases are known as shear thickening thickeners. Thbcdtrapid 
thickeners are shear thinning, however when the shear stresp is remove^ the' initial 
viscosity is only restored over a period of time. Examples of thixotropic thickeners ihclude 
but are not limited to Acrysol TT 935 (Rohm £ Haas); Rheo 3000 and Tbbcj^l 53L 
(Coatex); and Vlscalex VG2 (Ciba Specialty Chemicals), 

so The viscosity-shear behaviour of these thickeners Is described in "a Handbook of 

Elementary Rheology" by Howard A Barnes (ISBN 0-9538032-0-1), Chapter 5, 19-24 and 
Chapter 15.8, 131; in Taint, Flow and Pigment dispersions* by Temple C. Pattori, John 
WJIey & Sons (ISBN 0-471-03272-7), Chapter 1 y 2-9; and in ^Additives for Coatings", 
Johen Bfeleman, Wiiey-VCH (ISBN 3,527-29765-5), Chapter 3, Vl-13, 

2s It is also possible to classify thickeners as associative and non-associative 

thickeners. Non-associative thickeners Increase the overall viscosity of the continuous 
phase of the composition. Examples of non«associafive thickeners include cellulose 
derivatives such as cellulose ethers and water-soluble polymers such as poiyelihylena 
oxides, polyvinyl alcohols, polyacrylamldes and polyethyleneoxlde based polyumthanes. 

3 o Associative thickeners reduce the level of sheer thinning . Examples of associative 

thickeners Include water soluble polymers, in particular hydrophobe modified^ water 
soluble polymers such as hydrpphobically modified ethylene oxid«? ufethane! block 
copolymers (HEUR); hydrophobically modified hydroxy ethyl celluloses (HMHEC) and 
hydrophoblcally modified alkali soluble emulsions (HASE). HEUR's and HMHEC's tend to 

35 be mainly non-ionic and HASE's tend to be anionic in nature. 



Coafings^andnTi^og^ nee-anc 
Technotogy, Vol 2. Chapter 19 and 35, Z.W Wicks, F.N. Jones, S.P, Pappas, John Wiley 
& Sons ISBN 0-471 -59893-3(v 2). - 

Newtonian-like behaviour of the composition of the invention is beneficial for* open 
time and although real Newtonian behaviour Is preferred, a limited degree of 
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pseudaplastio behaviour is acceptable within specified ranges. 

Newtonlan-lika thickeners are defined as thickeners that when added; to a 
standard formulation described below for Example 1; . with identical amounts of 
components 1 to 7; In an amount to give a viscosity of 3000 to 5000 mPa.s, have a fehear 
5 ratio in the range of from 1 to 16, more preferably in the range of from 1 to 10 and most 
preferably in the range of from 1 to 6, where the shear ratio is defined aa the ratio of the 
measured viscosities of the formulation at a shear rate of 10 s* 1 and .at 2000 s'Vmore 
preferably at a shear rate of 10 s' 1 and at 5000 S* 1 , and most preferably at a shear rate of 
10 s' 1 and at 10,000 s" 1 (all viscosities measured with a Brookfield DV-11* viscometer, 
10 spindle # 4, at 6 rpm and at 20°C). 

The thickener(s) for use in the invention composition preferably comprises a 
Newtonian-like thickeners), optionally In combination with a thixotropic fchickener(Sj>, The 
term Newtonian^ke herein includes Newtonian. 

In an embodiment of the invention the aqueous composition preferably comprises 
15 0.1 to 10 wt %, more preferably 0.2 to s wt % and most preferably Q.3 to 6 wt % and 
especially 0.6 to 4 wt% of a Newtonian-like thiokenerts). 

In another embodiment of the invention the aqueous composition preferably 
comprises 0.1 to 10 wt %, more preferably 0.2 to a wt %« most preferably 0.3 to 6 wt %. 
and especially 0.5 to 4 wt % of a thijfotroplc thlckener(s). 
20 More preferably the composition of the invention, comprises a combination of a 

Newtonian-like and a thixotropic thickeners), in a ratio In the range of from 95:$ to i30:70, 
more preferably 90:10 to 60:50, 

Most preferably the composition of the Invention has a Newtonian-like behaviour 
and this is defined as the composition of the invention having a shear ratio in the range of 
25 from 1 to 15, more preferably in the range of from 1 to 10 and most preferabiyi'in the 
range of from 1 to 5, where the shear ratio is defined as the ratio of the measured 
viscosities of the composition at a shear rate of 10 s' 1 and at 2,000 s"\ more preferably at 
a shear rate of 10 s" 1 and at 5,000 s"\ and most preferably at a shear rate of 10 s" 1 land at 
10,000 s" 1 (measured with a Brookfield DV-1 1* viscometer, spindle # 4, at © rpm land at 
30 20°C). 

The composition of the invention may also comprise Q.01 to 1 wt %.,; more 
preferably 0.02 to 0.5 wt % of levelling agents and/or flow additives such as polyaprylate- 
levelling additives; cellulose acetobutyrate; silicones and fluorosurfactants such as the 
Fluowet range. 

35 A co-solvent, as is well known in the coating art. is an organic solvent employed in 

an aqueous composition to improve the drying characteristics thereof. The indention 
composition can contain a co-solvent or a mixture of co-solvents. More preferably the' 
invention composition can contain co-solvent or a mixture of co-s.olvents : m a 
concentration s; 10%, more preferably s 5%, most preferably s 3% and most especially 

40 0% by weight based on the invention composition. Preferably the co-solvent- has a 
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molecular weight below 200 g/mol. The co-solvent may be organic solvent inporponstecToT 
used during preparation of the crosslinkable oligomers) and/or the dispersed polyr^er(s) 
or "may have been added during formulation of the aqueous composition. 

An advantage of the present invention is that (if used) co-solvenjt canj If as [s often 
required for environmental and safety reasons, be- present at very low concentrations 



because of tj^'piastMsing nature of We^ro^linl<aki!e oligomers}. Preferably-^tha ^co* 
solvent to water ratio Is below 0,8, more preferably below 0.4, most preferably befiw 0,2 
and especially below 0.1, The co-solvent(sj can all be added at the fingl formulatiprji step. 
Alternatively some or all of the co-solvent In the final formulation can be the co^olvent 

10 utilised In the preparation of the crosslinkable oligomer{s)> An important carisld^rafion 
when choosing a co-solvent is whether or not the oo-solvent is compatible vufth the 
crosslinkabte oligomers) and/or the dispersed polynner(s) end the effect of any convent 
partitioning (and the partitioning of the co-solvent In the (aqueous) oligomer ph^se versus 
the dispersed polymer particles Is preferably >' 1/1, more preferably > 2/1 ansjl most 

is preferably > 3/1). If the -co-solvent la more compatible with the dispersed! polym^rfs) it 
will swell the dispersed po!yrner 8 thus increasing the overall viscosity. Preferably any co- 
solvent present In the aqueous composition of the invention is more compatible With the 
crosslinkable oligomers) then with the dispersed poiyrmr(s), so that the dispersed 
polymer(s> undergoes little if any swelling by the oo-solvent. 

20 The drying process of an applied invention composition can be divided (n four 

stages namely the periods of time necessary to achieve respectively, dust-free, tack~free f 
thumb-hard and eandable coatings using the tests described herein. 

Preferably the dust free time is < 5 hours, more preferably < 2 hours anpl still mane 
preferably j§ SO minutes, 

25 Preferably the teck-free time is s 20 hours, more preferably <: 12 hours dnd still 

more preferably £ 8 hours. 

Preferably the thumb-hard time is % 48 hours, more preferably £ 24 hpur$. more 
preferably less than 16 hours and especially £ 10 hours. 

Preferably the resultant coating is sandable within 72 hours, more preferably 
3 o within 48 hours, still more preferably within 24 hours and especially within 1 & hours; 

The aqullibrlum viscosity of the aqueous coating composition Is a suitable method 
for Illustrating the drying characteristics of the aqueous coating composition. By the 
equilibrium viscosity of an aqueous composition at a particular shear rate and solids 
content is meant the viscosity measured when the aqueous composition has been 
35 subjected to the shear rate at for long enough to ensure that the viscosity m$a$urement 
las-reached-a-sonstant^lue. , . 



If the composition is to remain brushable and workable during drying, it Is 
. necessary that its equilibrium viscosity does not exceed defined limits during thS drying 
process and hence over a range of solids contents. Accordingly the crosslinkable water- 
40 dlspensible oligomers) which are used in this invention do not give a significant phase 
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inversion viscosity peak, if any at all, during the drying process when the system ihverts 
from one in which water is the continuous phase to one In which the continuous phpse is 
a mixture of crosslinkable water-disparslble oligomer(s), solvent and optionally (part of 
the) water. 

Preferably, the composition of the invention has an equilibrium viscq^ity fc 500 
Pa.s, during the first 15' minutes, more. preferably during the first 22 minutes and most 
preferably during the first 30 minutes of drying when measured using any shear Yate in 
the range of from 0,01 ± 0.005 to 900 ± 5 s" 1 and at 23 ± 2 fl C, 

More preferably, the composition of the Invention has an equilibrium vi^cosiiy of < 
200 Pa.s and mors preferably < 100 Pa>s whan measured as defined above. 

Preferably the solids content of the aqueous coating composition ; when 
determining -the equilibrium viscosity is in the range of from 20 to 80%, imore preferably In 
the range pf from 20 to 70%. and especially in the range of from 20 to B0% by weight of 
the composition. , 

The pqueous coating composition of the invention may be applied to a variety of 
substrates including wood, board, metals, stone, concrete, glass. cloih, leather, paper, 
plastics, foam and the like, by any conventional method including brushing, dipping, flow 
coating, spraying, and the like. They are, however, particularly useful for providing 
coatings on wood and board substrates. The aqueous carrier medium is removed by 
natural drying or accelerated drying (by applying heat) to form a coating, 

Accordingly, in a further embodiment of the invention there is provided a coating 
obtainable from an aqueous coating composition of the present invention, 

The aqueous coating composition of the invention may contain other cqnventtonal 
ingredients, some of which have been mentioned above; examples include pigments, 
dyes, extenders such as barium sulphate., (tertiary) amines, waxes, polyphosphate salt?, 
emulaiflers, surfactants, piasticlsers, thickeners (Including non-Newtonian oii non- 
thlxotropic thickeners), heat stabilisers, levelling agents, anti-cratering agents, 1 fillers, 
sedimentation inhibitors, UV absorbers, antioxidants, dispersant?, flow agents, adhesion 
promoters, defoamers, co-solvents, wetting agents; such as may be used In conventional 
binder* systems; and the like introduced at any stage of the production procfess or 
subsequently. It is possible to include an amount of antimony oxide in ths disperfejlons to 
enhance the fire retartlant properties. Optionally external crossfinking agent(s) ihavlng 
reactive functional groups as described above may be added to the aqueous composition 
of the invention 

In particular, the aqueous coating compositions of the invention, if the dispersed 
polymers) is autoxidteaMe, advantageously include a drier sait(s). Drier salts aire well 
known to the art for further improving curing in unsaturated film-forming substances, 
Generally speaking, drier salts are metallic soaps that are salts of metals such as 'cobalt, 
manganese, zirconium, lead, neadymium, lanthanum and calcium; and lon$ chain 
carboxylic acids, The level of drier sa)t(s) in the composition is typically that to provide an 
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of autoxldlsable dispersed ollgomerCs) and/or polyitier(s). 

Priar accelerators may be added to the drier salts. Suitable drier accelerators 
include 2 f 2 , -blpyridyl and 1 ,10-phenanthroline. 
5 . If desired the aqueous dispersion of the invention can be used In combination with 

""Other* pdlymerdlsperaioos or solutions; whiclvare not according to the invention^ — - 

The present invention is now Illustrated by reference to the following examples. 
Unless otherwise specified, all parts, percentages and ratios are on a weight basis, 

10 T«* st methods : 

To test for the open time of the aqueous, compositions prepared as described in 
the examples below, the aqueous composition was applied using a brush or a roller to the 
upper area (approximately 30xSo cm marked out with adhesive tape at the lower area) of 

is a primed wooden panel (50x69 cm) [a non porous medium density fibreboand available 
from Aartsbouw BV, Waaiwijk, The Netherlands] at a wet film thickness Of 1 10 to 130 pro 
which was checked at random points in the film with a wet filrp thickness gagfe. The 
adhesive tape was removed and the. open time was determined after 5 minutes pnd at 
inteivals of 5 minutes by applying a fresh paint layer of approximately 15x20 cm bartering 

20 on the coated area. Subsequently the whole area of approx 50x15 cm was rebrushed with 
a, dipped in paint, semi-wet brush (Monoblock no 12, pure bristles/polyester 54Q8-1;2). 

The open time was considered to be over once the composition carried on the 
brush no longer formed a homogeneous layer with the coating on the substrate With the 
proviso that the level of resistance that the brush encounters should not inbrease 

25 significantly and that no significant visible differences in flow should occur In the various 
recaated areas (when compared to the first recoated area). The open time Is. also 
considered to be over at the point In time after which one of these conditions is not |net 

In this way the approximate time interval for open time was established apd this 
method was then repeated with Intervals of 2 minutes to determine the open tim? more 

30 accurately. The measurements were carried out at relative humidity levels of 35 2% 
and temperatures of 23 +/- 2°C. 

prying time: 

To test the dust-free, tack-free and thumb-hard drying stages of the aqueous 
35 compositions prepared in the Examples as described below, the aqueous composition 

was ap plied to a glass plate at a wet film thickness of flOum, Drying time tesfe were 

performed at regular time intervals at relative humidity levels of 35 */- 2% and 
temperatures of 23 +/- 2°C, 

4 0 : PusMma time: - - . . . . 
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The dust-free time was determined by dropping a piece of cotton wool (about 1 
cm 3 i.e. 0.1g) onto the drying film from a distance of 25 cm. If a person could Immediately 
blow the piece of cotton wool from the substrate without leaving any wool or marki in or 
on the film, the film was considered to be dusMree. 

5 * 

Tack -free tfoe: 

The tack-free time was determined by placing a piece of cotton wool (about 1'crn 9 , 
0.1g) on the drying film and placing a metal piate (with a diameter of 2 cm) and then*' a 
weight of 1 kg onto the piece of cotton wool (for 1 0 seconds). If the piece of cotton wool 
lo could be removed from the substrate by hand without leaving any wool or marks in &r on 
the film, the film was considered to be tack-free. 

Thumb-hard time: 

The thumb-hard time was determined by placing the coated glass plate on a 
15 balance and a thumb was pressed on the substrate with a pressure of 7kg. Th? 'thumb 
was then rotated 90* under this pressure. If the film was not damaged the coating was 
dried down to the substrate level and considered to be thumb-hard. 

Sandabllitv 

20 sandablilty corresponds to the hardness of a coating at the point when- a coating 

can be sanded properly. The composition prepared In the Examples described fcelcjw was 
applied to a piece of wood at a wet film thickness of 1 20p.m. The coating was abraded by 
hand with sandpaper (grain delicacy P150) at regular time intervals at relative humidity 
levels of 50 +/« 5%, temperatures of 23 +/« 2°C and an airflows 0.1 m/s, When there was 

25 no significant clogging (or the coating started powdering) the coating was considered to 
be sandabla 

Viscosit y: 

All viscosity measurements were performed on either 5) a TA Instruments 
3 0 AR2000N Fiheometer, using cone & plate and/or plate & plate geometries, depending on 
the viscosity of the sample to be measured, (a Peltier heating/cooling unit In the bottom 
plate was used to control the temperature) or ii) a Brookfield DV«II+ Viscometer, spindle 
#4. 

EqMllfbrfum viscosity 

35 The equilibrium viscosity measurements were performed with a plate. & plate 

(diameter 15m, gap 500 fim, at 23 ± OA °C}. All compositions were used at the solids 
level at which they were prepared and not diluted to lower solids levels. 

Step 1; Three test charts were provided with coatings of identical film thickness. 
The coatings were applied with a 120 jim wire rod and the actual film thickness (and its 
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uniform^ 

charts were dried under identical conditions In an environment where the airflow Was < 
0.1 rn/s. 

Step 2: One test chart was used to determine the solids Increase In tlm6. the 
5 weight of the film was monitored in time, starting right after application of the film;. After 
calculating the solids content-at-evefy measurement, . a. soIidSrtlme^xswive cpijiid be 
constructed and a trend line was calculated for the eoJid$ of the film as a function: of 
drying time. 

Step 3: The other two test charts were used to determine the equilibrium viscosity 
xo In time: approximately every 5 minutes a sample was scraped from one test chart (In 
random order) and the viscosity of this sample was measured at 23°C at representative 
shear rates, for example at 0.1s" 1 ,. 1s" 1 ( 1Q$" 1 and 77.8s" 1 * The rneasurerpants were 
continued for 90 minutes, unless reproducible sampling from the test charts could [n<?t be 
performed properly within that period of time (due to for example drying of the ifilm to 
15 reach the dust free time), ( 

Step 4: The final drying curve of the coating as shown In Figures 1 to 4 (In which 
the equilibrium viscosity is represented as a function of thersolids of the drying film) could 
be constructed from the solids-time curve (Step 2) and. the equilibrium viscosity data 
(Step 3). 

20 

Molecular weloht determination 

Gel permeation chromatography (GPC) analyses for the determination of pjolymer 
molecular weights were performed oh an Alliance Waters 2690 GPC with two consecutive 
PL-gal columns (type Mixed-O, l/d = 300/7.5 mm) using tetrahydnafuran (THF) jas the 

25 eluent at 1 cm a /mln and using an Alliance Waters 2410 refractive Index detector. 
Samples corresponding to about 16 mg of solid material were dissolved In S cm 9 of THF, 
and the matures were stirred until the samples had dissolved. The samples w6re left 
undisturbed for at least 24 hours for complete "uncoiling" and subsequently were filtered 
(Gelman Acrodisc 13 or 25 mm 0 CR PTFE; 0.45 |im) and placed on the auto-sampllng 

30 unit of the GPC, A set of polystyrene standards (analysed according to DIN $5672) was 
used to calibrate the GPC. 

All species with a molecular weight less than 10p0 Daltons are ignprefj when 
calculating the Mw end PDi for the cnossllnkable oligomers. When Daltons are ijiaed in 
this application to give molecular weight data (g/mole), it should be understood thgj: this Is 

35 not a true molecular weight, but a molecular weight ^measured against polystyrene 
standards as described above. 

. Water Solubility 

The water solubility of crossllnkable ollgomer(s) was determined ss fellows: 1 
40 v A sample of a crosslinkable oligomer was dispersed in water and djlutejd. with 
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water/ammonia to 10% solids and the pH adjusted to the desired pH, within a rahge of 
from 2 to 10, and the dispersion was then centrifuged over 5 hours at 21000 rpm at 23 ± 
2°C on a Sigma 3K30 centrifuge (21,000 rpm corresponds to a centrifugal f$rcie of 
40 ( 00Qg). The pH chosen should be the pH where the crosslinkable oligomer \& expected 
to be most soluble, for example often a pH of about 9 Is suitable for anionic stabilised 
dispersions and a pH of about 2 is often suitable for cationlc stabilised disperses: After 
centrifugation a sample of the supernatant liquid was taken and evaporated; for 1 hour at 
150 a C to determine the solids content of the supernatant liquid, The water-ssilubtlity 
percentage was calculated by dividing the amount of solids (g) of the supernatant fey the 
total of amount of solids in the sample and multiplying by 100. 

Surface Hardness 

KBnfg hardness was determined following DIN 53157 NEN5319 using Efllchsen 
hardness measuring equipment, the values are given In second(s) and the higfter the 
value is the harder the coating is. 

Pigment Water Abs orption . 

The water absorption number of for example titanium dioxide pigment was 
determined by a method recommended by Tioxide Europe and comprises titration of the 
pigment with water In the presence of a predetermined amount of Calgon FT In feuch a 
way that two separate end points could be distinguished. These were (a) the amount of 
titrant required to Just wet 1 QOg of pigment and (b) the amount of titrant required to; give a 
fluid dispersion which is the value taken for the water absorption. 

The pigment (50 ±0,1 g) was added to dry 200 cm* glass jar. A 5% Gallon PT 
solution (4 cm 3 , sodium hexamethaphosphate (sodium polyphosphate) or Cafgon N 
tetrapotasslumpyrophosphate; dissolved in 55 grams of water) wad pipetted into j the jar 
and about one half of the expected amount of water was also added via a bMrette. The 
components were mixed thoroughly for 1 minute. Water was added in Q[2 cm 3 
increments with thorough mixing for approximately 0.5 minutes between addition^. The 
first end point occurs when the pigment is just wetted, usually with the formation of large 
ball of paste and Is defined as cm 9 of Calgon + [cm 3 of water x 2J. 
(b) The paste ball was then broken down with a spatula and 2 cm* water was mixed fn. 
Further increments of water (0.5 cm*) were made, reducing to 0.2 cm s as the secoiid end- 
point was approached, and the paste was stirred vigorously between additions. 

The second and final end-point occurred is taken when a smooth, even linA (not a 
"herring-bone" pattern) was temporarily exposed by drawing the tip of a spatula 
horizontally over the bottom of thB jar immediately after It has been tilted eci* from 
vertical. The slurry should just flow back over the dry glass thus exposed- The Second 
e.nct-polnt was defined as; Calgon (cm a ) + [water (cm 3 ) x 2] 
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A pigmentTvIth a knowwat^ste^ptior^ 
at the same time and the results for the pigment under test reported relative to : these 
results for the standard. 

5 Pigment Oil Abs<ap t[on " 
- --——The pigment oil absorpti9n-was-measured using l$OJZ87_,part5.- ...... 



Mat erials & Ab br eviations us ed: 

MPEG750 = methoxy polyethylene glycol (Mn «750) available from L?Portp 

io DMPA ^ dimethylol propionic aoid 

NMP = N-methyl pyrrolidone 

TOI - toluene dilsocyanate 

Dowenol DPM => dipropylene glycol monomethyl ether 

1,4-CHDM ■ 1,4-Gyclohexanedimeth^nol 

15 Water = deminerallsed water 

DMEA = N,N-dlrnethy1 ethanolamine 

DEA = diethanolamine 

NaOMe - sodium methoKlde 

AMP 95 » 2»amino»2*methyM-propano!, Angus Chemical Company} 

20 95% in water 

Dehydran 1293 = defoamer available from Cognis, 10%-in butyl glycol 
Surlynol 104E = wetting agent available from Air Products, 30% in ethylene glycol 
NeoCryl BT-24 * pigment dlspersant available from NeoResins 100% solid material 
Tloxide RHD-2 = titanium dioxide available from Huntsman-Tioxide 

25 Oil absorption number 18 g/100g pigment- Water uptake 28 cnrVlOOg pigment . 

Tloxide TFl-50 = titanium dioxide available from Hunternan-Ttoxide 

Oil absorpHon number 26 g/100g pigment, Water uptake 44 cm 9 /100g plgmjent 
Borchigel L75N =(1:1) Pseudoplastio thickener available ftom Borchere 25% in w£ter 
Acrysol RM-1020 = Newtenlan-IIke thickener available from Rohm & Haias, 20% In 

30 • butyidfgiycol/water 

Preparation of an ajkyilpolypl mixture X1 

A 2-L round bottom flask, equipped with a stirrer and a thermometer, was .loaded 
with DEA (247*56g) and NaOMe (2.54g). The mixture was heated to 100°C uhtil the 
35 NaOMe was dissolved* Then sunflower oil (1248,0Bg) was added giving a hafcy reaction 
mixture. Stirring the hazy reaction mixture at 100 to 110*C was continued until, a clear 



reaction mixture was obtained and a DEA-opnversion of at least 85% was achieved, a? 
determined by titration of residual amine functionality in the product with aqueotiis HOL 
.The resulting mixture was then cooled to 70°C before adding H 3 P0 4 (l.81g) and 'stirring 
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for 15 minutes. The alkyd polyol mixture (X1) was cooled to room temperature and (stored 
under nitrogen, The DEA-converslon was 90.2%. 

Preparation of gelf-grpsalloKable (autoxldlsablel urethane oligomer A1, and g^rsjojQ 
J3A1 

A 1-L 3-necked round bottom flask, equipped with a stirrer and a thermometer, 
was loaded with DMPA (19.36g). NMP (92.5g), 1,4-CHDM (6.97g), MPEG7S0 (1l8.87g) 
and the alkyd polyol mixture X1 (260.43g) in a nitrogen atmosphere. The reaction mixture 
was stirred until a clear solution was obtained. At a maximum temperature of 25"0 TDI 
(99.89g> was fed into this reaction mixture without exceeding a reactor temperature of 
50*C, After the TDI-fesd was complete, the reaction mixture was heated to 80"C and 
stirred at this temperature for 1 hour.. The resultant NCO free alkyd urethane oligomer 
was then cooled to about 70°C. and diluted with Dowanol DPM (5t38g). Subsequently 
DMEA (10.27g) was added and the mixture was stirred for 15 minutes. Then water 
(155.43g) was .added and the temperature was lowered 1o 55 to 6p°C, Tha resultant 
predispenslon was stirred for an additional 15 minutes. 

Part of the resultant predispersion (6Q0g), at 55 to 60*C t was dispelled In' water 
(752.BSg; 45 to 50°C), over 60 minutes and under a nitrogen atmosphere, After the 
addition was complete, the final dispersion was stirred for an additional 15 minutes, 
cooled to ambient temperature, filtered over a 200-mesh sieve and stored under nitrogen. 
The dispersion DA1 had a solids content of 25wt% and a pH of 6.9. GPC analysis of A1: 
Mw ts 2990; PDi = 1.93 

Expensed vinyl Polymer P1 fNeoQrv| TX20Q) 

NeoCryl TX200 is a high molecular weight acrylic emulsion obtainable from iAveeis 
BV, The Netherlands. NeoCryl is a trademark of Avecia. 

Preparation of a bl R nd nf olio omer disp ersion DA^ and dis persed oolvmer P1 g A1f 1 

A 500cm a 3-necked round bottom flask, equipped with a stirrer, was loaded with 
DAI (171 .2 g) in a nitrogen atmosphere, a drier salt Durham VX 74 (0.44 g ex EJementis 
Pigments.) was added and subsequently dispersion P1 (155.9 g) was added while stirring 

the mixture. The blend was stirred for an additional 20 minutes at room temperature. The 

blend had a solids content of 37.4wt%, and a pH of 7.6. 

EJgjllglltgjtpain t composition comp ri sing aipi wifo frtek*n ft r* pigments. 

A 500cm 8 Jar, equipped with a stirrer, was loaded with the components listed in 
Table 1 below. Comparative Example 2 (C.Example 2) Is also the reference formulation 
referred to above. 



TO: 9-01633814444 P. 035 

• 





Example 1 


C.Exaitiple 1 


C. Example 2 


1 A1P1 

li HIT 1 


G5.7 


66.7 


es:7 


2 Water 


5.9 ! 


3.9 




3. AMP OS r " 


0.2 




- 0.2 


4. Dehvdran 1293 


1.8 


1.5 


lb 


5. Siirivnol 104E 


0.4 


0.4 


0.4 


Q NeaCrvf BT-24 


3.2 


3.2 


3.2 


7. Tloxlde RHD-2 


23.1 


23.1 




8, Tioxide TR-50 


* 




22.2 

. H — . ■■ ■ " 


9. Borchigel L75ISI 




1.7 


1.4 


10.Acryso1RM-1D20 


5.0 






Pigment Volume Concentration 


19 to 20% 


19 to 20% 


19 to 20% 


Low shear viscosity (mPa.s) 1 Brpm 


3300 


4000 


i 4SpQ 


Viscosity (Pa.s) 2 at shear rate 10 s 1 


1,175 


2.19 


2,3jB3 


Viscosity (Pais) 2 at shear rate 1 0,000 ^ . 


0.314 


0.0483 


0.0529 


Shear ratio 


3.7 


45.3 


44.7 


Open time (min) 


18 to 20 


1410 16 


121014 


Tack fnaa tima (hrs) 


9 


- 9 to 16 


a 


1 Viscosity determined by a BrooWPleld DV-II+ Viscometer, spindle #4 
* Vteoos'rty determined by a TA Instruments AR20QGN Rheometer 
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1. An aqueous coating composition with an Improved open tima comprising: 
s a) 1 to 35 wl % of si crosstinkable water-dispersibie oligomers); 

b) 4 to 50 wt % of a dispersed polymer(s); 

c) 3 to 75 wt% of a pigment with an oil absorption number < 20g oil ( 1G0g 
pigment; . - 

d) 0 to 10 wt % of a Newtonian-like thickeners); 
10 b) 0 to 10 wt%ofathixqtropicthick6ner(s}; 

f) 0 to 20 wt % of co-solvent; 

g) 10 to 80 wt % of water; 

1 wherea) + b)+D) + d) + e)*f) + g)a 100%; 

wherein the weight ratio of a) : b) is in Hie range of from 1 0;90 to 60:40; wherein d) 
X5 + e) b 6.1 - to 1 0% and wherein said composition when drying to form a coating has a tack- . 
free time of ^ 24 hours. 

2. An aqueous composition according to any one of the preceding claims wherein 
said crossjinkabie oligomers) is selected .from group comprising polyurethane 

20 oligomerfs), vinyl oligomers), polyamlde oligomers), polyether oiigorner(s), polysiloxane 
oligomer^), polyester oligomers), hyperbranched oligomers) and/or mixtures theseof. 

3. An aqueous composition according to any one of the preceding claims Wherein 
said composition has an equilibrium viscosity < 500 Pas, during the first 15 minutes of 

25 drying when measured using any shear rate in the range of from 0.01 ± 0.005 to $00 ± 5 
s" !l andat23dfc2 CT C, 

4. An aqueous composition according to any one of the preceding claims wherein the 
crossBnkable oligomers) has a measured weight average molecular weight In the range 

30 of from 1,000 to 100,000 Daltons. 

5. An aqueous composition according to any one of the preceding claims wherein the 
dispersed poIymer(s) has a measured weight average molecular weight > 110,000 
Daltons. 

35 

6. An aqueous composition according to any one of the preceding claims yvhe)rein the 
dispersed po|ymer<s) is a vinyl polymer. 

7. An aqueous composition according to any one of the preceding claims wherein the 
J 4 o pigment volume concentration is in the range of from about 1 to 48 wt %, 
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8. An aqueous composition according to any one of the. preceding claims wher&n the 
pigment has a water absorption number 5 40 cm a /1Q0g pigment 

9. An aqueous composition according to any one of the preceding claims wheflfeln the 
-composition comprises 0; 1 to 1G-wt%-of a Nevvtonlan-Iike thickener. . . 

1 0. An aqueous composition according to any one of the preceding claims wherein the 
composition comprises 0,1 to 10 wt% of a thixotropic thickener, 

11. An aqueous composition according to any one of the preceding claims wherfein the 
ratio of Newtonian-like to thixotroplc thickener is In the range of from 95:5 to 30:70. 

12. An aqueous composition according to any one of the preceding claims wherjeln the 
is shear ratio of the viscosity of the composition at a shear rate of 1 0 s' 1 end at a shdar rate 

of 2000 s M is In the range of from 1 to 15. 

1 3. An aqueous composition according to any one of the preceding claims wheiiein the 
co-solvent to water ratpo is .below 0. 1 . 

20 / 

14. An aqueous composition according to any one of the preceding claiffts wherein the 
Improved open time Is at least 3 minutes longer than a reference formulation wfth identical 
amounts of components a) to g) but where the pigment Is Tloxide TR50 with 1 an oil 
absorption number of 26g oil/IOOg 1 pigment, a water absorption number of *44crn a 

25 water/1 OOg pigment and where the thickener used is Bofchlgel L75N, in an amourft which 
will give a viscosity of 4000 to 5000 mPa,a at 6 rpm at 20 d Q, when measure*" with a 
Brookfield DV-it+ viscometer, spindle # 4. 

15. An aqueous composition according to any one of the preceding claims wherein the 
30 open time Is at least 14 minutes. 



18. A coating obtainable from an aqueous composition accorcllng to any one of the 
preceding claims. 

1 



